Background: Mallet fracture with distal interphalangeal joint (DIPJ) subluxation remains a challenging problem, with numerous techniques proposed for repair of this fracture.
Introduction
The size of the fracture fragment, the percentage of joint surface involvement and the association with joint subluxation have all been offered as indications for operative intervention in mallet finger fracture. [1] [2] [3] [4] [5] [6] There still remains no clear consensus regarding the indications for operative intervention in the literature.
Once a decision to intervene surgically has been made, the surgeon is confronted with a litany of options. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The commonly utilised surgical technique of extension blocking wire only serves to reduce the displaced fractures but struggles to contain the volar subluxation of the distal phalanx. 1, [19] [20] [21] Furthermore, as these wires are passed percutaneously into the distal interphalangeal joint (DIPJ), the risk of intra-articular sepsis is not inconsequential. Some surgeons prefer passing a small screw into the fragment but this carries the serious potential risk of splitting an already small bone fragment and substantially increasing the complexity of the surgery. 22 Below, we present a modified approach which resulted in successful clinical management of isolated mallet fractures with volar subluxation in a series of patients.
Indications/contraindications
All patients presenting to our hand unit with a mallet fracture associated with volar subluxation were included in the study. We enrolled 12 patients with mallet finger injuries over an 18-month period. The average age of the patients was 29.2 years with an age range of 15 to 56 years. The average interval from injury to surgery was 26 days with a range of 5 to 49 days.
Ethics committee approval for this retrospective study was obtained. Informed consent was obtained from all patients and clinical notes and radiological material were reviewed.
Post-operative assessment included measurement of fixed flexion deformity, extensor lag and end range flexion.
Surgical technique
The surgical procedure is performed either under general anaesthetic or regional anaesthetic (Biers block).
The patient lies supine with the arm placed outstretched on a hand operating table. A bloodless field is created with the use of a tourniquet. A dorsal Y-shaped (Mercedes Benz) incision is utilised ( Figure 1 ). Full thickness skin flaps are elevated with careful protection of the germinal matrix.
At this stage, care needs to be taken to elevate the fracture from distal to proximal. Clearly, it would be a gross surgical error to attempt to create a dissection plane between the fracture and the extensor tendon. The fracture is carefully elevated from the fracture bed and reflected proximally. The DIPJ, including the fractured terminal phalanx, can be seen in a volar subluxed position. Careful curettage of the fracture bed should remove most of the haematoma and/or early soft callus. Usually the terminal phalanx can be reduced from the volar subluxed position but in the case of a substantial delay, it might be necessary to perform a limited release of the collateral ligaments.
At this stage, the very small fragment is stabilised in an Adsons forceps. A 23-gauge needle is then chosen as a drilling device. The hub needs to be removed and the needle placed into a wire driver. Two holes are drilled parallel starting from the raw fracture surface and exiting on the dorsal base at the insertion of the extensor tendon ( Figure 2) .
Subsequently, two 23-gauge needles are inserted from dorsal to volar through the small fragment. They are passed through until the tips of the bevel are visible in the fracture site. It is important now to reduce the dislocation and to reduce the fracture as well as possible. Using a finger drilling technique on the 23-gauge needles, holes are drilled through the volar component of the terminal phalanx. This ensures that the sequential holes in the two separate fragments are continuous. If this were not the case, displacement is likely to occur as the suture is tightened.
Once the starter holes are made in the fracture bed of the terminal phalanx, then the fracture fragment can be removed and the rest of the procedure performed by passing needles freehand through the terminal phalanx using the starter holes as a positioning guide. The two needles are passed through the volar cortex and delivered into a second separate longitudinal volar incision at the base of the terminal pulp. It is important to get the dissection all the way down to the flexor insertion at the level of the periosteum. It is mandatory that no soft tissue gets trapped by the suture material ( Figure 3) .
A prolene suture is pretensioned and the needle is removed. The two ends are passed through the bevels of the 23-gauge needles to exit dorsally through the fracture site. The needles are removed and the two ends are pulled so that the sutures lie snug against the volar periosteum, with no evidence of any soft tissue impingement and most importantly no neurovascular compromise (Figure 4) . The next stage involves reducing the joint and passing a K-wire in a pro-grade and then retrograde direction. It is desirable to try and pass the K-wire through the intact volar cartilage. Failing this, one runs the risk of blocking the reduction of the fracture due to the K-wire transgressing the fracture site. If this is not possible then it is necessary to pass the K-wire through the fracture site and withdraw it so that there is no K-wire evident when the fracture is reduced ( Figure 5) . On reducing the fracture, one can then pass the K-wire carefully across the DIPJ in a retrograde manner. Our choice is for a .035 K-wire (mm). Using two separate needles through the dorsal fracture fragment, the same two ends of the prolene are now passed from volar to dorsal through the fracture fragment ( Figure 4) . It is now time to reduce the fracture. The fracture is reduced and held. An image intensifier is used to confirm perfect reduction ( Figure 6 ). Once the reduction is confirmed the K-wire is driven across the fragment and the suture is carefully tied (Figure 7) .The final result of this is illustrated in Figure 8 .
Haemostasis is achieved and the wound is closed with interrupted 5-0 nylon.
Due to the fact that there is a K-wire across the joint, no external splint is necessary. A bulky dressing is applied, with removal of sutures at ten days. The wire is normally kept in position for a minimum of four weeks and then the patient is carefully mobilised with a removable thermoplastic splint. Active motion only is allowed for the first two weeks, with gentle passive motion starting at six weeks.
Results
All patients were reviewed at three months post-surgery by the senior author.
Nine of the operated patients had Crawford classification graded as excellent. Two patients were classified as good and one (20-degree extension lag) patient as fair. Eleven out of the 12 patients all had complete bone union. There was one incident of non-union of the fracture site. This patient had a fair result. She did not want further surgery and the non-union remained stable. There were no incidents of fracture fragmentation.
With regard to soft tissue complications there were no sutures or wound dehisced. There was one superficial wound infection of the operated digit, which was managed conservatively with systemic antibiotics and this resolved clinically.
There were no nail abnormalities or injuries. There were two patients who accidentally caught the wires on stationary objects and they were pulled out but with no instability of the joint. There were no wound breakdowns and no swan-neck deformities. There were no dorsal bumps.
Discussion
Lange and Engber, in 1983, alerted the literature to the concept of the hyperextension mallet. 1 It is the senior author's opinion that most mallet fractures that result in volar subluxation are the consequence of the hyperextension mallet. This was not specifically looked at in the study.
The indication for surgery in mallet fractures aside, the management can be extremely frustrating. Most surgeons would agree that trying to insert any form of hardware is frustrated by the comminution of these fragments.
This substantially complicates the options available. Surgeons have utilised various techniques including internal fixation, 5, 6, 8, 9, [11] [12] [13] [14] [18] [19] [20] [21] [22] [23] [24] external fixation 25 and various suture techniques. 6, 13, 26 Even suture anchors have been used. The technique that comes closest to ours is that is used by Ulusoy et al. 13 Bauze and Bain have also used a technique of a suture; their suture is also trans-osseous but goes around the extensor insertion to act more like a tension band concept. 6 We utilise a full interosseous suture technique with the ability to get a perfect reduction and a stable fixation. The operation is simple, reliable and replicable. In our hands, this remains our technique of choice.
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